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ADMINISTRATIVE INFORMATION

I. Background of Work

During the past scveral years, this Laboratory has prosccuted a
proiect "Mcasurement of Attcnuation Pzaramneters for Real Atmosphercs™
sponsored by thic Defense Atemic Support Agency (formerly Arred
Forces Speeial Weapons Project). The primary objective of tins
pioject was to measure the aticnuaiion coefficients for therinal radia-
tion reacking a target from 2 4W souree, and tie sccondary objective
was to determine the angular scattering diagrams of real atmospheres
for radiztion in the visible and near infrared regions of the spectrum
as z function of wavelength and atmospheric propuriies.

II. Authorization and Funding

This work wzs authorized by the defease Atonic support Ageicy

nder RD 35 50, WE3 No. 12.907 :nd fuaded ander sudget Project 2
a]lOtmcnt 178 53 and %1, Details of this work can e found in the
U.S. Navzl Radiological Defense l.zhoratory 'Y 1963 Techniéal
Program zs Program A-2, Problem 1,

I, Desciintion of Work : °

Dacing FY 1359 ccuipmient was desizned, fabricated, and usced te
deterinire the radlation attenuaiing ')r()|"ur1ici of clear atmosgheres
at the Nevada Tost Site. In FY 1%¢2 the \(.ul“ iient was modificd apd
Imeasurerneats izde in atimospiieres with overcast cloud conditions at
the saine location. In FY 1961 aiter fnrt..\r cquipmeat n: odlflc‘.uon
measurcizents were inady in the sminer am'onl cres of Les .Auv les,
Caiifornia. The results of ghe FY 1961 micasurcinents am¥l a discassion
reiating ticin to the -arlicr NRDL stuétes asc eentained in this x.cpor:. d
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ARSTRACT

Measurements of peak irradiances have been made in Los Ange1eo,

California, nighttime atmospneres at distances from 0.90 to 6.77: =

statute miles from a Xenon flashlamp radiating uniformly in all
directions. The mecasurcments were made at wavelengths 0.40; 0350, °
0.77 end 0.88u (microns) with receiver fields of view up to 64 "de-
grees half-angle. From tihese data attenuation coefficlzants were
calculated for collimated transmission and aureoled transmissicon

Lx source and flat receiver facing the source). - Also calculated
;or aureoled transmission were values of R, the ratlo of "scattered-
in" radiation to direct radiation received by the flat receiver at
various distances from the source. Angular scattering diagrams and
attenuation coefficients for scattering were measured for radiation
of wavelengths 0,40, 0.45, 0.50 and 0.554. Relations between these
optical characteristics of the atmosphere and meteoroiogical-charac—
teristics such as visibility, relative humidity, and contaminant

contents were examined. Investigations of transmission variability -

with respect to both time end space were made. Curves were prepvared

from these and other experimental data showing transmittances .of four

typlcal atmospheres as a function of range for the case of flat re-
celvers and radiation from a 4x black body source at 6000 degrees K.
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The frobﬁem:

e

The amount of thermal radiatlon delivered *to a given receiver .
from the fireball of a nuclear eXPlOSlon depends on the transmittance
of the atmosphere as a function of wavelength, the speétral distri- -
bution of the radlatioa, the receiver fiel@ of view, the range, “the

albedo of the terraln, and the amount and helght above the ground of |

clouds present. -Thé purpose of thl% experimert was {o°'determine the

renge of tramsmiitance values of the Los Ang:2lés nighttime atmosphére

during the months of Auglust and September 1960.- - . .
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The Fiﬁdings:

" @“n A Xenou flashlamp 4x source and mobile photomultiplier receivers
. . witn ad justable fields of view and filters are used to determine
o o "o .aftenuatlon coefficients for collimated transmisgion and aureoled
» ° e, ‘transmission (4x source and flat receiver) and for calculating R, the
ratio of "sc#ttered-in" to direct irradiance, at source-rgceiver dis-
. .° ‘tances ranging from 0.90 to 6.77 statute miles. -A polar nephelometer

o o e~ 15 uged to obtain angular scattering‘alag;ams and attenuation co=- -
. $ efPicients for scatfering for radiation of wavelengths 0.40, O. hS,Q
@ ° *0 0.50 and 0.55/° in the Ios Angeles nighttime atmosphere. For 26 test
* o ° nights during August and September 1960, 50% of the measured attenu- -
, oo , o &tlon coefficients fdx collj mat%d transmission of 0.50u radiation are
e . in the range 0.52 %0°C.88 miles"; 50% of the measured attenuation.

. Ccw_f*‘lglentu for aurccléd transm1531on of O. SOp radiau;on are in the
, = range’0.32 to ‘058 mile” -1, Values of R are found to increase with

* > , * dlstance on both clear and cloudy nights with one exception in which

¢ , e, clouds gt 1, OOO feet are accompanied by a maximum in the R versus
. ¢ distance curves for radiation of wavelength 0.77 and 0.88pu. Weak
vt cor*elatlons are found between attenuation coefficients and visibility,
> . and between attenuation coefflcients and the contaminants NG,, CO, an&'
: par%icplate matter (K ). - . -
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REPORT OF INVESTIGATION

INTRODUCTION

Experimental measurements of nighttime transmission of visible
and near infrared rediation from a 4sx source to an uncollimated re-
celver have been made during recent years in the San Francisco Bay
Area,lig ghﬁ San Joaquin Valley and in Yucca Flat at the Nevada Test
Site.2°772 This report describes the results of similar measure-
rents made at night in Los Angeles, California, during August and
September of 1960.

EXPERIMENTAL ARRANGEMENT

The equipment used in this investigation was essentially the same
as that descriEed in the report of the Nevada Test Site Study of
February 1960." A few modifications were made to meet new operating
requirements of the Los Angeles area and to remedy deficiencies which
became apparent during the previous study.

Two types of measurements were made. Transmission of the atmos-
phere was measured by means of a 4x 1ight source and two mobile re-
celving statlons. Angular scattering characteristics were determined
by a polar nephelometer.

The Lx radiatlion source was a General Electric FP-617, Xenon-
filled flashlump flzshed automatically at 2 minute intervals by dis-
charging through it a 1200 mfd capacitor charged to a potential
difference of 3750 volts. The flash duration was approximetely 5
milliseconds. Figure 1 shows the lamp as mounted on top of the one-
ton panel truck which was substituted for the trailer used in the
Nevads Test Site experiments. The controls and power supply system
for the lamp were contained inside the trucke.




IH)

Measurements of irradisnce at different distances from the lamp
were made by two moblle receiving stations (Figure 2) each mounted in
a Metro-type vane.

The measuring system used in each recelving station consisted of &
photomultiplier with auxiliary apertures and filters and an oscillo-
scope wlth verticel amplifier input connected across the photomud ti-
plier load resistor. The peak height of the photomultiplier current
pulse produced by the light {lash was measured by observing the re-
sulting oscllloscope trace. Earlier investigations™ showed that the
peak helght of the trace is just as satisfactory as the area under the
trace as an indication of the amount of energy from the light flash
incident on the photomultiplier. The oscilloscope was triggered by
the action of the same light flash on an E. Ge Ge fiducial marker
focused on the light sources The fiducial marker contains a sensitive
photomultiplier-and thyratron circuit which produces a trigger pulse
at the very beginning of the light flash. Oscllloscope deflections
for each lamp flash were observed visually and recorded by the ob-
Server.

The field of view “seen®™ by the photomultiplier in each detector

‘was limited by & fixed artificlal horizon and by adjustable stops above

the horizon with semi-circular apertures. The aperture sizes could be
varied to permit fields of view of 4, 8, 16, 28, 4k, and 64 degrees
half-angle. In addition to the apertures, the fleld-of-view device
was equipped with a removable occulter, also semi-circular in shape,
bul subtending only 2 degrees halif-ungle. The occulter was used to
blank out the central portion of the fileld of view and thus eliminate
the line-of-sight radiation froa the source. A sighting telescope was
used to point the field-of-view device at the source. Tests made
during the study indicated that the sighting method could center the
source in the aperture system with a tolerance of ¢ 1/2 degrees half-
angle. Four different photomultiplier-filter combinations were used
to provide irradlance measurements in four different spectral regions
centered at 0.40, 0.50, 0.77 and 0.88 microns. The two shorter wave-
length spectral bands were obtained with a Dumont 6292 photomultiplier
(8-11 surface) and Wratten filters No. 39 and No. 65. The two long
wavelength bands were obtained with a Dumont 6911 photomultiplier

{IR surface) and Wratten filters No. 16 and No. 87. Figure 3 contains
four curves showing the product obtained for each photomultiplier-
filter combinatlion response when multiplied by the estimated spectral
distribution of the flash lamp output. The filter transmissions and
photomultiplier responses used in these curves were from menufacturerst




data. The spectral distribution assumed for the lamp is that shown5

in the literature as typical for & high voltage Xenon lemp. It is
recognized that the operating voltage (3750 volts) used on the prcject
lamp is higher than thet used for the referenced data. However, 1n

the absence of more applicable date. the referenced distribution curve
has been used. The chief effect of increased operating voltage at this
range would be to shift the minimum in the lamp®s spectral distribution
curve towards 1l:nger wavelengths. This shift would have only negligible
effects upon the shape of the combined curves for the two filter-
photomultiplier combinations having the shorter wavelength responses.
In the case of the two longer wavelength combinations the effect of the
shift would be to narrow the band width somewhat without affecting the
location of the peaks.

The Pritchard polar nepheloueter described earlierB’h’6’ wes again
used to determine angular scattering characteristics of the Los Angeles
atmosphere. This instrument measures the intensity of light scattered
from a collimated beam at angles ranging from 10 to 170 degrees at 5
degree intervals-~-the angles being measured from the forward direction
of the beam. Wratten filters 39, 47, 65, and 16 used in the nephelo-
meter in combination with a Dumont K-1448 photomultiplier tube with an
S-11 surface made it possible to obtain the above mentioned scattering
data for four different spectral bands of widths approximately 0.2 p
and peaks at wavelengths of O.40 p, 0445 u, 0.50 u, and 0.55 e

Figure 4 shows the locatlon of the light source and the observa-
tion stations which were used during the experiment. The numbers
which are shown with each station ldentification indicate the distance
in statute mlles between station and light source (left hand number),
and the station elevation in feet (right hand number). In this report
the word ™mile" will be understood to mean statute mile.

The particular area used for the tests was selected because 1t was
believed to be the area most likely to have the heavy nighttiime haze
and smog through which the measurements were desired. The light source
was Jucated on the top of a hill adjoining radlo station KRKD in High-
land Park, approximately 3 miles NE of downtown lLos Angelese. Figures
5 and 6 show & panoramic view of the test area as seen from the source.
This source locasion was chosen hecause it was centrally located and
high enough to be seen from many places in the area but low enough so
that it would be within the haze layer most of the time. It further-
more fulfilled other important requirements in that 1t was easily
accessible by automoblle, had avallable electric power (thus obviating




the use of the gasoline powered generator), provided an area for safe
Jdaytime storage of the truck, and was far enough removed from private
homes so that the flashing light would pct be considered objectlionsable
ty neighboring residents. The sites for the observation stations were
selected so as to provide several stations along each of three different
lines or ranges radiating out from the source. The Highland Park range
extending NE from the source included the four stations Southwest Museum,
Springvele, Poppy Pesk, and Kenworthy; the Los Angeles River range ex-
tending NW from the source included the four stations Fernleaf, Alles=~
andro, Cadman, and Griffitn Park; the downtown Los Angeles range SW of
the source included the three stations Lacy, Elyslan Park, and Fte.
Moore.

The Highland Park and Los Angeles River ranges were gquite similar
topographicaelly -- both being located in shallow valleys. The more
distant stations in both of these ranges were situated in areas which
wvere less densely populated than those surrounding the central stations.
The downtown Los Angeles range extended over a relatively flat terrain
bounded on one side by the hills of Elysian Park. In genersl, the
nighttime haze in the downtown area appeared to be somewhat more severe
than that in the other two areas, but the difference was never obvious-
ly great and in many cases could not be detected at all. One local
smoke source was apparent - an incinerator epproximately one-half mile
southwest of the Lacy station which was in operation six nights of the
weeke. Although smoke from the incinerator stack was often observed,
there were no clearcut indications that it caused anomalous resultse.

On those occasions when the incinerator was shut down during the course
of a test run, comparisons between data taken before and after the
shutdown gave no indication that the incinerator had a significant
effects On a few nights when irradiance measurements were being taken
at the Lacy Street station, wind shifts brought the smoke down to the
ground in the immediate vicinlity of the truck, but even in these con-
ditions there was no apparent eflect on irradisnce levels. It 1is
therefore believed that although the smoke from this source undoubted-
ly contributed to the overall haze condition, it had no locallzed
effects on irradiance measurements which would distort the attenuwation
calculations.

Figures 7 through 13 show views of the source as seen from several
of the observation stations. The sites for the observation stations
were, for the most part, vacant lots or public grounds which provided
o direct line of sight to the light source, with a minimum of ob-
structions and interfering light sources within the 64 degree half




angle field of view. The avallability of such locations in a metro-
politan area such as Los Angeles 1is not great and so it was found
necessary to use a few sites in which the field of view was not com-
pletely clear of obstructions. These obstructions, however, fllled
only a small percentage of the field and were not of a highly re-
flecting nature as can be seen from typlcal examples in Figures 10 and
1l. It is believed that thelr effect was negligible.

EXPERIMENTAL AND DATA REDUCTION PRCCEDURES

The procedures used in this study were, %nugeneral, the same as
those used and discussed in previous reports.”’ The following sections
summarize the methods and describe in some detall any procedural changes
that were made.

At any given station, with any given photomultiplier-filter com-
bination, peak irradiance values from successive light flashes were
measured with various fields of view with and without the occulter.
Figure 14 shows photomultiplier response plotted as a function of
field of view in two typical runs -- one with and one without the
occulters The fields of view used in these runs were typlcal of the
procedures followed in the preliminary phase of the investigations. As
is discussed below, this procedure was changed somewhat for the latter
part of the experiment. The photomultiplier response is expressed as
the peak value of the photomultiplier current pulse produced by the
light flash as observed on the oscilloscope trace. The data repre-
sented by the lower set of points in Flgure 14 were obtained with the
2-degree half-angle occulter in place to blank out the direct or line-
of-sight radiation. Thus the curve which has been drawn through these
points represents all of the “scattered-in® radiation except for that
portion blocked out by the 2-degree occulter. For this reason the
curve has been drawn to intercept the X-axis at field of view 2 degrees
half-angle. The %"scattered-in" radietion which was blocked out by the
occulter can be restored by raising the observed curve to pass through
the origin as shown by the dotted line. The dotted line curve when
extrapolated to the 90-degree half-angle field of view gives the ir-
radiance due to the scattered-in radiation which would be recelved
from the 4n source by a flat recelver or target. This is called Ige,
the lrradiance due to "scattered-in™ radiation, and 1s represented by
the plotted triangle.

The upper set of circles in Flgure 14 show ilrradiance values with-
out the occulter in place and thus include both the direct or line-
of-sight radiation and the ®scattered-in" radiation. The scatter of




these points and their poor fit to the shape of the lower curve are the
results of fluctuations in atmospheric transmission of the direct por-
tion of the radiation. The curve which has been drawn through the
upper set of points lies above the lower dotted curve by an amount
equal to the average irradiance resulting from the direct radiation.
Thus the intercept of this upper curve at O degrees field of view 1s
called Iy and represents the irradiance due to direct or line-of-sight
radiation. The extrapolated value of thls curve at the 90-degree half-
angle field of view represents the irradiance due to both the direct
and the "scattered-in" radiation which would be received from the 4xn
source by a flat receiver or target. This irradiance value is called

, the aureoled irradiance. Both I3 and I, , are plotted as tri-
angfes on the upper curvee.

From the examination of meny such curves obtained during the pre-
liminary runs in the Los Angeles area, 1t became apparent that the
®gcattered-in® irradiance curves had characteristlcs in common which
could be used to simplify data taking. The lower portion of the curve
from O to 4 degrees field of view was for all practical purposes
straight and the slope of the curve gradually decreased as the field
of view increased. More specifically, the average slope between 64
and 90 degrees half-angle was estimated to be 0.7 of the slope from
L4k to 64 degrees half-angle. Assuming these characteristics to apply
to all curves made it possible to extrapolate the "with-occulter" re-
sponses to the 90-degree half-angle field of view from data taken at
only the L, Ui and 6h-degree half-sngle fields of view:. Irradiance
measurements without occulter (direct plus "scattered-in") were neces-
sary at only the 6l4-degree half-angle field of view since the vertical
separation of the curves (I3) could be determined by an average of
readings at any desired field of view. The reduction in the required
number of flelds of view made it possible to take a larger number of
readings at each fleld of view. This result was believed highly de-
sirable in.view of the variabllities of the Los Angeles atmosphere.
Accordingly, the following schedule of observations was used for each
photomultiplier-filter combination: 6k, 64, 64, 64, 64 , 64y, Uy, 4y,
Ly, bk, 64, 6k, 64, 64, 64, 64 degrees half-angle, Cwhere the sub-
script o] indgcates that the 2-degree half-angle occulter was in place.
The large number of &i-degree readings with and without occulter were
taken because these were the most important readings in establishing
the I; and Iy, velues, and also beceuse the 64-degree readings without
occul%er customarily had a wide spread. As was indicated above, the
Lh-degree readings with occulter and the assumed X-axls intercept at
2 degrees half-angle field of view were used to establish the amount
the curve should be raised to restore the "scattered-in"™ radiation




blocked out by the occulter. The Uli-degree reading with occulter was
used in conjunction with the 64-degree reading with occulter to estab-
1lish the curve slope for extrapolation to 90 degrees half-angle field
of view. Beglnning and ending each run with a serles of Gh-degree half-
angle field of view readings made it possible to evaluate the over-all
constancy of the atmospheric transmission characteristics during the
run. In several cases marked changes in atmospheric conditions were
detected by comparisons of these readings. In such cases the data were
discarded since extrapolation of the curve of irradiance versus field
of view pre-supposes constant atmospheric conditions over the time
period during which the date were taken.

Data taken over the same time period by each of the two moblile re-

celvers located at two different stations make possible the determination

of Iy and Ii.,, values for the same photomultiplier-filter combination
at two different distances from the source. KXnowlng Ig for a given
wavelength at distances Dy and Dy from the source make possible the
calculation of the attenuation coefficlent o for that wavelength as

follows: 2
. 1 L (Id) 1 0]
t~ D, -D,
2 1
(Id) 2 Dg

Where (I ), and (I ), are the direct irradiance values (described above
% uistances and Dy from the source; the Dg and D% terms are
introduced to remove the inverse square effect of distance on irradi-
ance; and 0y 1s the sum of the absorption coefficient and scattering
coefficient applicable to & collimated beam in which attenuation occurs
as a result of absorption and scattering out. This method of computing
o; from irradiange messurements at only two statlons differs from that
previocusly used.”’ In tke earlier studies the quantity 1ln IdD2 was
plotted as a function of D where I, was the measured irradiance (direct
radiation) at each of the observation stations -- as many as elght or
nine different observaetion stetions being used in a single night. The
negative slope of the straight line connecting these plotted points was
then taken as 0 for the atmosphere concerned. In order that this
slope method be valid there should be no eppreclable changes in optical
characteristics of any part of the atmosphere being measured during the
entire test perlods In the Los Angeles atmospheres such constent con-
ditions did not often last for the required several hours. Using the
above described two-station method, data for the determination of oy
could be obtained in 32 minutes for a given photomultiplier-filter
combination. Thus on each test night in lLos Angeles the general




procedure was to make several oy determinations for each of the wave-
lengths concerned. Each 0y value obtained was representative of the
atmosphere between the two stations being used for the particular half
hour during which the data were taken. On most nights all of the
attenuation measurements were made at a single pair of statlons although
on some occasions two pairs of stations were used.

The procedures described above have all referred to oy determina-
tions. The attenuation coefficlent ¢i,,, for the case of aurecled trans-
mission, that is, for the case of a hx source and a flat receiver, was
calculated in the same manner using the irradiance I&‘m instead of Ig.
The measuring date used to compute Iig,, were obtalned at the same time
as those used to compute I3 and thus each Otau velue has a companion gy
value representative of the same atmosphere. I+ should be pointed out
that in the method used to compute 0Oiyy, it 1s assumed that opg, is in-
dependent of distance. From preliminary measurements made in Los
Angeles au four distances from the source (maximum 6.77 miles) it was
found that the points obtained from a plot of 1ln I versus D lay on
a straight line within the limits to be expected under the conditions
of atmospheric variagiiliity which prevalled durlng the experiment.
Earlier experiments “’" in the desert atmosphere indicated the same
independence of %%au with respect to D for distances up to epproximately
17 miles. The same results were found for the relationship between ln
IdD2 and D and thus the coefficient oy has also been assumed independent
of distance -- an assumption which 1s generally made in the literature.

Since the calculation of 0., or Oy required that comparisons be
made between irradliances measured by photomultiplier systems in the
two different trucks it was necessary to have a calibration fagtor ex-
pressing the ratio between sensitivities of the two systems.5J This
factor was obtained experimentelly by locating the two trucks side by
side and msking simultaneous determinations of Iisy @nd Iy for each
photomultiplier~-filter combination in the two trucks. The ratlios be-
tween the Ity Obtained by a system in one truck and the Iigy Obtained
by the same photomultiplier-filter system in tue other truck were used
to acrmalize the Iigy 1lrradiance value obtained on one system to that
of the other. In the same manner a normslizing factor was found for
the I measurements. The calibratlon process was repeated approxi-
mately once each week and average factors determined at the end of the
test period. A discussion of the devistions of the calibration factors
is contained ;n 4 iater section of this report. Checks made !n an
earlier study’ showed that the angular response of the photomulti=)ier
filter combinations differed slightly from a cosine dependence on
incident angle. Correctlons for this non-cosine angular response have
also been made in all calculations.




Polar nephelometer data were teken at least once each evening.
The data were usually taken at one of the recelving stations, although
on several nights a series of readings were taken on the rocftop of the
Alr Pollution Control District Building in order to check correlations
between atmospheric contamination and atmospherlc scattering. The
nephelometer data were used to construct angular scattering diagrams
and to calculate oy, the attenuation coefficient due to the scattering
out of the light in a collimamted bewm. The angular scattering diagrem
is a plot of B(H)/B(10°) versus @ where B(f) is & quantity proportion-
al to the volume scattering function of the atmosphere concerned. The
volume scattering function is in turn defined as the amount of radi-
ation scattered per unit solid amgle in the direction ¢ per wnit
irradiance and per unit volume of the beam. The attenuation coefflicient
due to scattering was calculated from an integration of the scattering
function over all asngles. A more detalled description of the methods
used in these two processes has been given in an earlier NRDL report.3

It should be pointed out that both the angular scattering diagrams
and the og, values are representative of the local atmosphere during
the short time period in which the nephelometer readings were taken -
whereas the attenuation coefficients obtained from data with the flash
lamp and receivers are representative of a much larger atmosphere over
a much longer time period.

Meteorological data were furnished to the project by U. S. Weather
Bureau personnel and consisted of temperature, relative humidity,
visibility, cloud cover, and wind data at the lLos Angeles Internetional
Alrport and Burbank Alrpori; temperature and rclative humidity reports
from the downtown Los Angeles office; and upper air data (temperature,
relative hunidity, and lnversion height) from the Santa Monica sound-
ings. The locations of these sources are shown respectively by the
letters A, B, C, and D on the insert map of Figure 4. Atmospheric
coutaminant data provided by the Los Angeles Alr Pollution Control
District consisted of the results of measurements of the following
contaminants at the downtown Los Angeles station: NO, KOy, CO, 80p,

» total oxidant, and particulate watter. Standsrd methods of chemi-
cal enalysis were used for the contaminant measurements except for the
particulate matter (particles smeller than 40 microns) which was de-
termined by an optical reflectance method.” The Ky wiit in which the
particulate content is expressed 1s defined as

K, =10 log (;,'i)
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Where R is the reflectance of a white filter paper of 1 cm2 area through
which 1 m* of the air under test has been passed and R, is the reflec-
tance oif the filter paper before the air has passed through it.

TEST RESULTS

Weather and Contaminant Data

Table 1 shows detalls of the weather and contaminant data re-
ported during each nightly test run. The entries are believed self-
explanatory except that a comment should perhaps be made on the column
labeled ™Test Range.* The visibilities in this column are estimates
vhich were based on observations made by the operators of the receiv-
ing station, observations made from the light source locatlon at tle
beginning and end of the test period, and the Meteorologi Range
vhich was computed from the measured ¢y, by the expression

MR = 3912
14

The reliability of nighttime estimates of visibility is always open to
questicn even when made by trained meteorological observers under the
best of conditions. The values shown as range estimates are no ex-
ception to this statement. It is believed that they can be satisfac-
torily used to provide visibility trends during a single night and even
from one night to another. Their absolute values, however, should be
considered only as indicating a general range. Tolerances of +h0%
should probebly be assigned to these visibility estimates.

Attenuation Coefficients

Flgures 15 through 18 show the individual ¢y values obtained on
each of the test nights--each sheet containing the data for a single
wavelength. Flgures 19 through 22 and 23 through 26 show the same
.sort of presentation of Otg, and oy, respectively. The encircled
points are values obtained with clouds over the test range. From these
data have been constructed the histograms of Figures 27 through 29
showing the number of values falling within consecutive ¢ intervals of
width 0.10 mile~l,

Attenuation coefficients for absorption (ggygs) Wwere calculated as
the numerical difference between ot and 0g.«”s* Results are shown in
Flgure 30 for the wavelengiii Co50pne The numerical values of +these
absorption coefficlents axe L. lieved %o incicate awder of megnitude
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only. There are two reasons for this lack of confidence. First, the

- magnitude of oy and 04, are not appreciably different and thus Ogpg, the
difference between them, will contain megnified effecta of the uncer-
tainties in elither o¢ or gzc.e Second, the 05, value for any given wave-
length 1s representative of a given point in the atmosphere over a short
period of time, whereas the oy value is determined by over-all atmos-
pheric conditions between light source and receilver over approximately
one-hall hour, and thus the difference of these two quantities would be
representative of atwmospheric absorption only 1f the atmosphere were
uniform with respect to space and time--a condition which did not often
exlst during the study.

It should be noted that the attenuation coefficient values shown
in these data (Flgures 15 through 30) are representative of atmospheric
conditions ranging from very clear (visibility 15+ miles) to heavy haze
and/or light fog (visibility 3 miles)s. Also included are several nights
in which clouds were over the range. Table 2 is a tabulation of the
various operating nights by general weather clessification types.

From the data of Figures 15 through 26 it will be seen that there
appears to be a somewhat cyclic pattern in the attenustion coefficlents
consisting of a gradual increase in coefficients from the beginning of
the test period to & maximum on 19 August, a rapid decrease to minimum
velues on 22 August followed by two more cycles of gradusl increases
followed by sharp decreases to rinimum values on 4 September and again
on 21 September. Partial explanations of this cyclic bebavior can be
seen from the data of Tables 1 and 2. The night of 22 August, on which
the first minimum in ¢ values occurred, had low stratus cloud overhead,
but of greater importance was the atmospheric clarity below the clouds
(visibility estimated 8 miles)s The "scattering-in" effect of the low
clouds 1s believed of secondary importance since the o and 0., values,
neither of which should be affected by the presence of a cloug cover,
are alsc very low on this nighte The next minimum in o values which
occurred on 4 September is very readily explained by & markedly clear
atmosphere wlth very good visibilities. Actually the difference be-
tween the observed visibilities of 22 August and U4 September is greater
than would be indicated by a comparison of the attenuation coefficients
for those two nights. A possible explanation of this discrepancy is
that the downtown atmospheres in which the attenuation coefficients
were measured msy not have differed much from one another on the two
nights in question, but the over-all atmospheric conditions outside
the rather small measuring area on 22 August were not as clear as those
of 4 September, thus producing the difference between observed visi-
bility conditions. The relatively low Oi,,, values on 21 September are
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believed to be at least partially the result of a ®scattering-in"
effect of the low clouds reported on that night, since the o; and og,
values did not show as marked a decrease us the 0i,,,» The nights
during which noticeably high values of Oy, Og, 8nd Oy OCCUTTEd
(16, 16, 19, 26, und 27 Augusij were ulgiie willh luw vieilLililics aud,

in the caoe of 26 and 27 Augusti, low clouds as well.

The relatively large number of zero values for oy and Opgy at
N = 0.88u (Figures 18 end 22) actually includes & number of negative
values. The largest negative values obtained were oy = ~0.20 and
Oianu 5 -0.21 mile'l, but most of them were in the range 0 to ~0.10
mile ™™, The -0.,20 and -0.21 mile™™ values were obtained on a night
when some difficulties were encountered because of photomultiplier
saturation by a very bright moon and so may not be true values. The
small negative values are believed to have no significant physical
meaning other than to indicate that in the atmospheres concerned the
attenuation for the 0.88u wavelength was so small that the measuring
method could not reliebly detect the difference between the irradiance
level at the two different stationse. Later sections will deal with
this estimated precision at greater length.

The tendency of most of the histograms to show a double peak
frequency distribution is believed to be a result of the weather pat-
tern consisting of periods of stagnation during which the attenuation
coefficients are relatively high followed by occasional periods during
which the circulation pattern is such that the stagnant alr is swept
out and continuously replenished by cleaner, drier air in which the
attenuation coefficlients are relatively low. The change from one type
of period to another takes place in a relatively short time and so the
bulk of the attenusntion measurements were made in one or the other type
of atmosphere.

Because of the nature of the frequency distribution patterns of
attenuation coefficlents 1t was felt that the calculated average value
would have little significance. Central halves of the distribution
range were therefore established for each of the o%s as is shown on
the histograms. 1Los Angeles visibilities for which the upper and
lower limits of the %%au central ranges are typical are estimated to
be 6 and 12 miles respectively.

Correlations Between Attenuation and Atmospheric Characteristics

In collimated atmospheriec transmission measurements the attenua-
tion coefficlents are usually found to correlate well with observed
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visibility. Since 0y, 18 the most significant attenuation coefficient
in transmissions in which a lx source and flat receivers are considered,
& plot of 0Oig,, Versus estimated visihility has been prepared in Figure
31le The atau values at A = 0.50u have been selected since of the spec-
tral bands usSed, it 1s nearest the wavelength at which the spectral
distribution curve of a nuclear weapon is & maximum. It will be noted
that although the correlation is not as clear cut as might be hoped,
there is a general grouping of the largest coefficlents toward the
smallest visibilities and vice versa. Tae points inclosed in circles
are for data obtained when clouds were overheade. The arithmetic mean
of o " values for each visibility is shown by an x, and the dashed
line has been drawn to fit these mean values. The visibility shown as
15+ miles was for the night of 4 September, an exceptionally clear
nighte. The fact that three of the four 0igy, velues were higher on that
night than they were for some other nights with poorer visibility hes
no obvious explanation. It 18 possible that during the early part of
the night there was sufficlent residual haze in the downtown area to
affect the measured attenuation coefficients but because of the rapid
clearing Iin the outlying districts the over~all visibility was better
than that indicated by the coefficlents themselves. The fact that the
last coefficient obtained that night was eppreciably lower than the
earlier values lends some credence to this explanetion.

Attempis to relate 0y, values to atmospherlc relative humldity
were not successful. Flgures 32 and 35 show 0Oi,, Versus surface relative
humidity (downtown Los Angeles) for two wavelengths, and are typical of
all data. Figure 3% shows oy, versus relative humidity aloft. The
humidity aloft values are averages of surface humidity and humidity st
the 800-ft level (elevation of the aource). The 800-ft relative
humidities were obtained from the Santa Monica upper alr soundings
taken at 1700 and 0500 hours PDST, linear interpolations between the
morning and afternoon soundings being used to estimate the relative
humldity values at the time of the attenuation measurements. Some
correlation was found to exist between o ¢ and the Los Angeles surface
relative humidity for all four wa.veleng't‘.ﬁs (Figure 35) and is of the
expected form, that is, 0y, incressing with relative humidity.

Figures 36, 37, 38 and 39 are plots of oy, at wavelength O.50u
versus various measured contaminants. The date have been plotted at
four different ranges of relative humidity in order to minimize any
mesking effect that varylng relative humdldity might cause. It will
be seen that with the exception of the high humidity groups there can
be found some slight increase in oig,;, with increasing contaminant
content for the NO», Kpn, and CO data, but no apparent relationship
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with ozone content. The effect of the NO, can probably be expected
because of the relatlively high absorption of this gas for visible radi-
ation.?s10 Increasing particulate matter (K,) should also be expected
to increase atmospheric attenuation although the absence of detailed
information concerning the constituents and size distribution of the
particles mskes impossible any more specific comments. CO has no sig-
nificant absorption in the visible ranges and would not be expected to
attenuate by scatterlnge Its relation to o.. is probably merely an
indication that the conditions favorable to e formation are also
favorable to increasing CO content. The ozone amounts were so low at
night that they are probably of no significance as indicators of optical
characteristics of the atmosphere.

The reported contaminants of the Los Angeles atmosphere which might !
contribute to the absorption coefficient for light of wavelength |
A = 0.501 are ozone, nitrogen dioxide, and particulate matter.

Chapplus band absorptions were calculated for the observed ozone con-
centrations using reported 11,12 absorption coefficients for ozone at
A = 0.50u but were found to be negligible. The reported nitrogen
dioxide contents durlng the testing hours ranged from O to a o
of O.l ppme Absorption coefficients shown in the literature”’~" in-
dicate that a nitrogen dloxide content of 0.1l ppm could cause an
attenuation coefficlent due to absorption as great as 0.1l7 mile~L,
Thus the nitrogen dioxide appears to be a factor in atmospheric ab-
sorption, especially in view of the reported increase of the oxides
of nitrogen with elevation In the los Angeles atmosphere. However,
the plot of ¢ bs at wavelangth 0.50u versus nitrogen dioxide shown
in Flgure 40 goes not indicate any significent correlation between
the two--probably because of the previously mentioned difficulty in
obtaining representative o, values from the data of this study.

The difference between the path lengths of the “scattered-in® and
direct radiation also complicates evaluation of the absorption process.

Evaluating the optical importance of the particulate contents
(particles smaller than 40u) in the Los Angeles contaminants is dif-
ficult because the vaelue reported 1s not an absolute content and
furthermore is not broken down into various constituentse.! Typical
vaelues of particulate contents_in the Los Angeles atmosphere shown
in the literature vary widelylmll*ils but according to Magill™” the
cerbon end metal particles could account for 10 to 50% of the observed
visibility decrease. More precise determinations of absorption co-
efficients and much more detalled contaminant analyses than were
obtalned in thils experiment would be required for adequate investi-
gation of this feature of the atmospheric contamineants.
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Ratio of ®Scattered-in®™ to Direct Irradiance

Figures 41 through 45 show relationships between R and the dis-
tance from the source, where R is the ratlo between “scattered-in"
irredience and direct irradiance. In order to simplify the presenta-
tion, the data are shown only for wavelengths O.40 and 0.8B8u. The
numerical R values for the intermediate wavelengths in almost all cases
were found to lie between the valucs cbtained for 0.40 and 0.88u. It
should be noted that different vertical scales have been used on the
various sets of curves.

In Flgure 41, R velues have been plotted for 30 August, & night
with relatively low visibllitles and high R values. The large in-
crease in R which took place between runs 1 and 3 (approximetely 3 hours
time differential) reflects the visibility reduction and attenuation
coefficient increase wvhich occurred during that time interval. Flgure
42 is for 5 September, & night with high visibility and low attenuation
coefficlents. Here again the R velues increased noticeably between the
first and last runs of the test period. Flgures 43, Ll and 45 are for
22 August, 27 August, and T September--all nights in which clouds formed
or materially increased during the test period, thus providing a possi-
bility of evaluating cloud effects. This eveluation of the modifying
effect of the clouds can be made by comparing, for a gliven wavelength,
the R curve obtained on the early run (before cloud formation) with the
R curve obtained on the late run (after cloud .formation)e. In making
this compariscrn, however; consideration must be given to the changes
which normally occurred in R between the early and late runs when
cloud wes not present. Thus on 22 August (Figure 43) although the
velues of R at a given distance for a given wavelength are somewhat
higher after cloud formation than for an earlier run without clouds,
the increases in R with clouds are not much different from the in-
creases which were usually found as the nlight progrccced on cloudless
nights. The same comments can be made for the effects of the broken
cloud at an estimated 1,000 £t on 27 August and the over-ast cloud at
16,000 £t on 7 September (Figures Wi and 45, respectivelv), except
that on 27 August the R versus distance curve for cloudy conditions
and wvavelength 0.88u was found to have a maximm at a distance between
2 and 3 miles from the source. The O.40p wavelength curve also evi-
dences some cloud effect on the same night, in that it is stralght
instead of tipping wward like the curve for the corresponding wave-
length before cloud formation.

Clouds were present on four other nights but for the following
reasons no attempis have been made to Judge the influence of the clouds.
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On 21 August the clouds were so variaple in amount that no cogsistent
pattern of effects could be expected. On 26 August low broken to over-
cast clouds formed tut transmission characteristics were so variable
on this nignht that reliable evaluations of cloud effect were not
possibtle. On & September there were thin high clouds during one run,
but the coverage was too small to be significant. On 21 Septempber low
clouds (broken to overcast) were present during the entire test period.
Thus comparisons between cloudless and cloudy conditions could not be
made for this night. Maximo werce not obocerved in any of thne R versue
distance curves on this nignht.

The absence of any effect of high cloud on R as shown in Figure 45
was also observed in the desert experiments. The variapbility of tne
low cloud eifect on R was not expected, however. A possible explanation
of it may be found in the nature of the low clouds themselves--which
consisted of patcnes of hign fog tlown in from the ocean. Tne tnlck-
ness and spacing of the clouds wes guite variable and the cloud voitoms
were very ragged. These are botn craracteristics which might bte ex-
pected to produce variable results insofar %s their lignt scettering
effects are concerned.

Atmospheric Angular Scattering Diagrams

As indicated in the description of test methodés, polar nepnelometer
runs were made on most of tne nights during tne investigatiorn. The data
thus obtained were used primarily for determinations of the coefficients
of attenuation by scattering (cg.). The scaticring diagrams which were
plotted from these data were simiiar in ihape to those founé oy other

investigators for comparable atmospheres”’ 791=Ys~{ .. +that is, large
ratio of forward scattering tc baci scattering and a mivimum in the

scattering function at an angle of aporoximateiy 12 cdegrees (measured
from the forward direction of the projected beam). Figuresis and 47
show angular scattering diagrams for sceveral different Los Angelces
atmospheric conditions. In Figure &G are plotied the cdiagrams for
three different nights; all with wavelergtn C.50u. The atmosphere in
which *the data for the 16 Augusi curve were taken would prooatly Dde
described as having light fog. The o4, value at this time and location
(Southwest Museum) was computed from the nephelometer c¢ata to te 2.17
mile™. Measurements of transmiscion by the two-station method were
discontinued that evening at about the same time because of the rapidly
changing conditicns. The volue gy for wovclengtih Ce4Cu was found to ce
1.10 mile~t approximately one-half hour previcusly. Relative aumidity
was unfortunately not measured at the nephelometer site. The recorded
value at the downtown Los Angeles station was %0%. The L Sepitember
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curve was obtained in a dry, clear atmosphere with relative humidity
53% and a measured Og. value of 0.22 mile ! at wavelength 0.50u. The
22 September curve is for a moderately hazy atmosphere with relative
hunidity 71% end a Oge value of 0.50 mile™ at wavelength 0.50p. The
three curves clearly show the effect of increasing numidity in increas-
ing the ratios of forward scattering to back scattering. In Figure 47
have veen plotted three anguvlar scattering diagrams obtalned at approxi-
matcely onc-half hour intervals on 22 Scptomocer on the rooftop of the
Air Pollution Control District building in downtown Los Angeles. This
series of nephelometer data was laken to facllitate correlation pe-
tween scattering coefficient and the conteminant measurements which
were being made at the same building. However, since there was no very
significant change in contaminants during the test period, no attempt
has been made to relaete the curve shapes to contaminant counts. Re-
lative humidity values showed an increase during the night which is
reflccted by increasing ratios of forward scattering to side scattering
and back scattering, as well as increasing values of Oge®

As was mentioned earlier, nephelometer measurements were made at
four different wavelengths -- 0.40, 0.45, 0.50 and 0.55u. The ratios
of forward-to-vacsward scaiiering were generally fougd t9 increase with
wavelength in agreement with the findings of others.”/s™: As was
cuggesticd oy CGiboons,” a possinle evplanation of the nature of this
wavelength dependency is that with increasing wavelength the relative
contribution of molecular and small particle scattering to total atmos-
pheric scattering decreases rapidly. Thus with increcasing wavclength
the increase in relative importance of large particle scattering (which
is characterized by large ratios of forward to back scattering) has a
greater effect than the reauction in the raiiu uf forward to back
scattering which occurs for any given particle size.

Variability of Tronsmission

A well known optlical characteristic of the earth's atmosphere is
its variability--with respect to both “ime ana spvace. This variability
takes two gepreral forms--variations in refractive index and variations
in aerosol. Shimmer, twinkle, and scintillatior which plague the
astronomical observer as well as the surveyor are the result of rapid
smal1-scale variations of the airts index of refraction along the ob-
server's line of sight--thc variations in rcfractive index occurfén§A -
because of atmospheric turbulence primarily of a thermal nature.">? 7520
The so-called heat waves seen above heated surfaces are a familiar ex-
ample of refractive index fluctvations. Figure 48 gives an example of
these effects. This photograph shows the collecting mirror of an
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astronomlical telescope as it was illuminated by a star with exposure
time approximately 1/25 second. If the atmosphere were homogeneous the
mirror would be uniformly illuminated instead of displsying the stri-
ations which result from refractive index variations. Variations in
the type, size, and number of light-scattering and light-absorbing
particles of the aerosol lead to anothier type of fluctuation in atmos-
pherlic transmission both with respect to time and space. These vari-
ations of the aerosol would appear to result from local topographical
features and small scale meteorological phenomena.

The opticel characteristics of the Los Angeles atmosphere were
found to vary widely with respect to both time and space--the time
variations cccurring in the form of rapid unpredictable variations as
well as in the forn of gradual trends extending over several hours.
Exsmples of the relatively slow moving changes can be seen in the plots
of individual values of attenuation coefficieuts obtained during one
night (Fligures 15 through 26). Manifestations of the more rapid changes
and the spatial fluctuations are found in the consecutive irradiance
measurements of the wnprocessed data. In order to obtaln specific ex-
amples of these, several nights were devoted to measurements designed
to show the variations in the optical characteristics of the Los Angeles
atmosphere. The measurements were of two general types; namely, those
made at a single observation station and those made simultaneously at
two different stations.

Fluctuations in irradiance levels at four different points at a
single observation station were observed by mouuiiug fowr pnotomulii-
plier tubes in an arrangement so that they could be spaced at distances
from each other varying from 4 inches to 11 feet. The photomultiplier
tubes used were the same types as those used in the truck-mounted
field-of-view devices, but for this experiment the tubes were removed
from the trucks and mounted in small boxes with circular apertures
providing fields of view of approximately 1% degrees half-angle. Two
different combinations of filter and photomultiplier were used--one
glving a peak response to the lamp output at O.40u, the other at 0.77u.
Voltage supplies and detection systems used were those of the obser-
vallon Trucks. ‘ne geuneral procedure was to set the photomultiplier
tubes and filters in the desired array, all four facing the light
source, and then record the observed signals of each tube for at least
fifteen consecutive lamp flashes. This process was then repeated with
other desired array systems. The average of the responses was taken
for each of the four filter-phctomultiplier combinations in the array
end a normalizing factor determined and applied to the individual re-
sponses so that the four averages would be identical, thus eliminating
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the effects of tube sensitivity. Cross comparisons were then made be-
tween the normelized responses of the four combinations for each lamp
flash. Figure 4) shows the four different arrays used at a single
stations Table 3 shiows randus Cluctuctlons of Uie onormalized responscs
for one of the four different arrays as ovserved at the Griffith Parx
station on 20 September. In Figure 50 the average differences between
the individual normalized responses are shown for all four arrays used
on 20 September. Tne Griffith Parx station was the most distant used
in the study. Similar data obtained at shorter distances from the
source displayed the same types of variations, but on a smaller scale.

Several conclusions can be drawn from Table 3 and Figure 50.

a. At a distance of 6.8 miles from the source the output from a
single flash produces widely varying irradiance values at slightly
separated polntse.

b. Over the range of separations tested (4 inches to 11 feet)
the average variations between responses at different points do not
change with amount of separation.

c. For h-inch separations between detectors the variations along
a norizontal plane are not significantly different from those aloag a
vertical plane.

d. Average variations in irradiance at two separated points are
much greater at wavelength O.77u than for wavelength O.4Ou.

The observed point-to-point fluctuations are more reasonably ex-
plained by refractive index fluctuations due to turbulence than by

EES I r\n‘php‘l‘f"{or‘ of “Wv“‘ospnnr1n pnv-l'{ 2le cize and distribution cincc

the latter would require thc existence of atmospheric cells of well
defined boundaries having small areas normal to the line of sight and
long dimensions parallel to it.

The apparent wavelength dependency of the variations is probably
due to the fact that a larger fraction of "scattered-in" radiation in
the lli-degree half-angle fleld of view is contained in shorter wave-
lengths. Since the effects of refractive index fluctuations (or atmos-
pheric inhomogeneities) are averaged out in the "scattered-in" radiation,
the shorter wavelengths should experience smaller magnitude fluctuations.

A second type of variability study was made by comparing irradiance
values obtained from two different observation ststions--the two stations
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being located at approximately the same distance from the source but in
different directions from the source. For these comparisons one ob-
serving truck was set up at each station and irradiance readings taken
for a series of flashes. The photomultiplier-filter combinations and
fields of view were the same as those used in the normal attenuation
runs and the same calibration constants previously described were used
to remove the effect of different sensitivities in the two truck
systems. Since the two stations were not at exactly the same distance
from the light source, additional corrections for inverse square attenu-
ation and atmospheric attenuation were applied to the response at one
of the two stations before direct comparisons were made between the
responses at the two stations. The inverse square correction factor
was simply the quotient of the squares of the two distances. The
atmospheric attenv-tion correction was made by using an assumed attenu-
ation coefficient vased on measured values from comparable nights.
Figures 51 through 62 show results of these comparisons. Figure 51,
for example, shows relative lrradisnce values for wavelength O.4Ou at
the Springvale and Ft. Moore stations for the nignt of 13 September.
These data, and all other data in these comparisons, are for a field
of view of 64 degrees half-angle, without occulter. Thus the irradi-
ance values being compared represent both direct and “"scattered-in"
irradiance. The time interval between consecutive flashes was 2
minutes. However, between flashes U4 and 13 a time interval of 18
minutes elapsed (other readings were being taken during this period).
The time interval between runs was only a few minutes. It will be
noted that during the first two runs shown in Figure 51 the Ft. Moore
irradiance values are significantly hirher than those at Svringvale
but the difference between the two is far from uniform. During the
first part of run 4 the differences between the two stations were
negligible but 18 minutes later the irradiance levels at both stations
were much lower and continued to decrease at Springvale while starting
to increase again at Fte. Moore. Comparisons between the same stations
Tor e OeJ0u aul Ou7Tu wavclengiths (Pigures 52 and 53) show similar
fluctuations. In Figure 5S4, which shows the comparison for the longest
wavelengths (0.83n), the previously established relations are reversed,
the atmosphere between source and Ft. Moore showing greater attenuation
than that between source and Springvale. Figures 55 through 62 are
comparisons between irradiance levels at the Allesandro and Ft. Moore
stations for two consecutive nights. In these cases the shorter wave-
length radiations again experienced significantly smaller attenuations
in the atmosphere between the source and the Ft. Moore station than in
the comparison atmosphere between source and the Allesandro statione.
For the longer wavelengths there is no consistent pattern of difference

-
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except for the 0.88u radiation on 17 September (Figure 58) in which
case the Ft. Moore atmosphere displayed greater attenuation than the
Allesandro atmosphere.

In describing the comparisons 1t was mentioned that an attenuation
correction was made by use of an assumed attenuvation coefficient. To
insure that the comparisons were not being distorted by improper values
of this correction, several calculations were made with various assumed
values of coefficient. The results showed that the differences between
the irradiances at the two stations could not be explained by any
reasonable change in this coefficlent. The effect of errors in the
calibration factor used to correct for differences between instrument
sensitivity in the two trucks was also examined. The average deviation
from the mean in the series d weekly calibrations ranged from 5 to 9
percent for the four filter-photomultiplier combinations. The differ-
ences between irradiance levels at the two stations are for the most
part larger than could be explained by calibration factor errors of
this order of magnitude.

It thus appears that the differences between relative irradiance
levels at the two stations are the result of real differences in the
atmospheres intervening between the light source and the stations. To
gain some idea of the magaitude of these differences in terms of attenu-
ation coefficients, reference is made to the Ft. Moore-Allesandro
comparison used in the above example of 17 September, wavelength O.4Op,
run 1, flash 13 (Figure 55). Assuming that oy, for the atmosphere
between source and Ft. Moore had the value 0.33% mile'l, the Oia value
for the atmosphere between source and Allesandro would have to %e 0.45
mile™l in order to produce the observed difference in relative irradi-
ance level. Thils magnitude difference in 0y,, for the two areas is not
at all unreasonable.

The wavelength dependency of thesc comparisons indicates that on
the nights concerned the atmosphere between source and Ft. Moore in
downtown Los Angeles apparently contained particles whose attenuating
effects on the near infrared were noticeably greater than those of the
particles in the other two atmosphercs. The possibility of water vapor
effects on these comparisons was considered by assuming relative humid-
ity and temperatures of the Ft. Moore and Allesandro atmospheres to
correspond to those recorded on 18 September for downtown Los Angeles
and Burbank, respectively. The precipitable water contents in the two
paths were calculated from these data to be 19.2 and 16 ~m, respectively.
The selective water vapor absorptions for these two water contents Eir
the infrared window II (0.94 to l.1l3p) differ by only a few percent

21




and thus there appears to be no possibility of differential water vapor
absorption causing the observed irradiance differences. Aerosol par-
ticle distribution offers a much more plausible explanation since the
relation between the extinction cross-section of a water droplet and
the wavelength varies greatly with the droplei size--ihe term "ex-
tinction cross-section" being defined as the ratio between the luminous
flux scattered by the droplet and the illuminance on the droplet.2 or
example, droplets of radius 0.0u have an extinction cross-section for
radiation of wavelength 0.88u which 1s approximately 1.5 times as large
as for radiation of wavelength 0.50u but droplets of radius 0.5u have
an extinction cross-section for 0.88u radiation which is only O.7 times
that for 0.50u radiation.o) Persistent differences between the aerosol
gspectrum of the Ft. Moore area and that of the Springvale-Allesandro
area could undoubtedly account for the greater near irfrared attenua-
tions of the Ft. Moore atmosphere.

Reliability

Precise evaluations of the reliability of the data presented in
this report are not easily made. The usual precautions were taken
to minimize instrumental error. All electronic components were ser-
viced and checked before, during and after the projects Oscilloscope
calibrations were checked periodically during the experiment. The
alignment between each field~of-view device and its sighting telescope
was checked at the end of the first month of testing and was found
satisfactory. Steady state photomultiplier current outputs were
measured during periods of unusually large background lighting or if
the data gave indication of saturation effects. At one station
(Cadman Street) it was found necessary to mask a streetlight which
caused saturation of one of the photomultipliers. To the greatest
extent possible, preliminary processing of data was accomplished as
taken in the trucks so that such sources of error as incorrect filter
settings, fleld-of-view adjustments, and gain controls could be immedi-
ately detected and rectified. The best indication of instrumentation
reliability is probably the series of calibration constants which re-
present the ratio of responses of companlion egquipment in the trucks as
obtained by parking the two trucks side by side and observing the same
light flashes. These calibrations were obtained weekly for each photo-
mul tiplier filter combination and for both aureoled and direct trans-
missions. Over the entire test period the average deviation from the
mean for any given filter-photomultiplier combination ranged from 6
to 9 percent for direct transmlission and from 5 to 9 percent for
aureoled transmission. The effect which a 7 percent error in cals-
bration factor would have on the calculated attenuation coefficient °
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varies with the magnitude of the attenuation coefficient and with the
distance between test stations. Taking two actual runs as examples

with °t values of 0.20 and 0.81 mile"l it was found that a 7 percent
change 1n calibration factor would cuuse changes of 15 percent and 8

percent, respectively, in the calculated 0i,,, values.

A second source of unreliability is the change in atmospheric
transmission that occurs durlng the approximately half hour required
for the accumulation of data for a given filter-photomultiplier com-
bination. The data taken during thls period establish the shape of
the curve showing response versus field of view. Any atmospheric
changes that occur during the time that the shape of the curve is being
determined will affect the total aurecled transmission when the curve
is extrapolated to the full 2x fleld of view and will affect the colli-
mated transmission when the curve is extrapolated to the zero field of
viewe DPersistent changes during a given run could be detected by com-
paring measurements taken at the beginning and end of the run with the
same Tield of view, and if the changes were significantly large the
data concerned were discarded. Short-lived atmospheric changes which
did not last through the length of & run would not, however, be de-
tected by thls method but could still have an effect, especially since
both observation stations would probably not experience the same changes.
As was mentioned earlier, a series of eight readings without occulter
and with fleld of view 64 degrees half-angle were taken with each
filter--four at the beginning of the run and four at the end. To ob-
tain some concept of the magnitude of the short-time changes, the
average percent deviations from the arithmetic mean were calculated
for these values for each run on eight typical nights~-four nights with
high attenuation coefficients and four with low coefficients. The
overall averages of these deviations (expressed as percent of the
arithmetic mean) for the eight nights were 6% for wavelengths O.4 and
0.5u, 8% for wavelength O.77u, and 7% for wavelength 0.88u. The effects
which errors of these magnitudes would have on calculated values of

; and O were also examlned for several typical runs and were found
to vayry 3%&ely--the smallest being a 3% change in a ot value of 1l.32
mile~L, the largest being an 80% change in a Oty value of 0.03 miled,

Considering the above factors it is estimated that the individual
attenuation coefficients determined in this experiment have precisions
ranging from +0.15 mile-t for the large coefficients to £0.03 mile~l
for the small coefficient values.

These estimates describe the reliability of a given coefficient
with respect to that particular segment of the nighttime Los Angeles
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atmosphere being measured. The degree to which the given values re-
present the entire area is much more difficult to evaluate. Values of
attenuation coefficients for collimated transmission between 0.23 an
0.55 microns have bpeen measured for the Pasadena area by Dunkelman.2
Values shown in his report for A = 0-40u in the month of September 194y
range from 0.64% to 1.77 mile™t. Corresponding visual ranges calculated
from the attenuation coefficients at A = 0,554 were 12 and 3.5 miles
respcctively. Flgure 27 of this report shows the frequency distribution
of oy, which is the coefficilent corresponding to Dunkelman?s collimated
measurements. It will be noted that the central half range of the fre-
quency distribution for op at wavelength 0.40 p lies within the range
of Dunkelmant®s values. However differences were often observed bvetween
visibilities in the test area and those reported at nearby Burbank, and
obvious differences in haze conditions in various parts of the area are
often apparent. The general impression that was obtained during the
experiment was that nighttime haze was less pronounced in the outermost
regions of the test area except perhaps in the direction towards the
ocean. Thus it 1s believed that the attenuation coefficients measured
in this study represent the maximum nighttime values for the entire area
for the time period concerned wita the possible exception of the areas
subject to frequent coastal foge.

Atmospheric Transmittance Curves

The four solid curves of Figure 63 have been prepared To show
calculated transmittances of four typical atmospheres for the case of
flat receivers and radiatiou from a kx radiating black body source at
H5000°¢. The atmospheres are typical of those in which this study was
performed and those at the Nevada Test Site where twp earlier investi-
gations were made by a group from this Laboratory.”’ Also shown in
Figure 63 for comparison purposes are the four dashed curves from
Figures 3-5A and 3-5B of TM 23-200.°7

The characteristics of the atmospheres concerned were as follows:

ae Curve 1, Nevada desert atmosphere in February, clear sgkies,
estimated visibility 65 mlles, and water vapor content 3.5 g/m
(corresponds to 0.32 cm of precipitable water in a 1000-yard path
length)e

b. Curve 2, Nevada desert atmosphere in May, clear skies, esti-

mated visibility 35 miies, and water vapor content 2.8 g/m’ (corres-
ponds to 0.25 cm of precipitable water in a 1000-yard path length).
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c. Curve 3, Los Angeles, California, atmosphere in August and
September, clear skies with light haze, estimated visibility 12 miles
and water vapor content 11.8 m {corresponds to 1.08 cm of precipi-
table water in a 1000-yard peath length).

d. Curve 4, Los Angeles, Californie, atmosphere in August and
September, clear skies with moderate haze, estimated visibility 6 miles
and water vapor content 13.0 g/m’ (corresponds to 1.19 cm of precipi-
table water in a 1000-yard path length).

In order to calculate the transmittance velues the radiation
spectrum of the black body was divided into 13 bands as_follows: five
bands corresponding to infrared windows II through VI,2l four bands
in the visible and near infrared representing the four photomultiplier-
filter combinations used in this study, and four ultraviolet bands from
0.22 to 0.36u. At any given range in a given atmosphere the trans-
mittance value T was calculated as the sum

13
\’
T=L‘TR
i1
i=1

where T. represents the atmospheric transmittance value in the ith
spectrai band and R; represents the fraction of the 6000°K black body
radiation contained in the same band. The individual values of Ty
used in the visible end near infrared bands were calculated from the
experimental attenuation coefficilents (oig,) obtained in these studies.
In the infrared windows beyond 1lu T; was calculated from water vapor
absorptlon and extrapolated values of otaai The water vapor absorp-
tions were calculated from published datas* relating infrared absorp-
tion and precipitable water~-the latter being obtained from relative
humidity and temperature records compiled during the project. The
extrapolation of Oyg, from experimental data was made by the ex-
pression

"‘007

ctau = Ch

The exponent -0.7 is that which was previously suggested26 for the
wavelength dependency of oy, in the infrared region. The justification
for the use of this velue in extrapolating 0., into the infrared is
that 0y, 1s essentially the difference between a "scattering-out"

and a "scattering-in" process and may therefore be expected to have a
wavelength dependency similar te that of og.. In the ultraviolet
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bands, Ty for the desert atmosphere was calculated from collimated
attenuation coefficlents shown in the literature2 for the same desert
area. A "scattered-in" correction was applied to the collimated co-
efficients by subtracting from them a value numerically equal to one-
half the Reyleigh scattering coefficient. The numerical values
subtracted ranged from a minimum of 0.06 mile~l for the ultraviolet
band centered at O.34u to a maximum of O0.45 mile™ for the ultraviolet
band centered at 0.23pu. In the Los Angeles atmospheres the attenuation
coefficient for each ultraviolet band was the sum of an extrapolated
Otau plus & calculated absorption by oxygen and ozone. The extra-
polation used was a straight line extrapolation of a plot of ln 0Oy,
versus wavelength, where the 0y ., values were the Los Angeles experi-
mentel results obtained on those days selected as typical for the
visibility and moisture conditions for which the curves were drawn.
The difference between the TM 23-200 curves and those based on the
experimental attenuation data is believed to be caused by the rela-
tively low height of the source in the NRDL experiments which, as

was explained by Gibbons,3 results in an atmospheric attenuation some-
what between that of the alr burst and surface burst curves of TM 23-
200.

SUMMARY AND DISCUSSION OF NRDL ATMOSPHERIC ATTENUATION EXPERLMENTS

This report covers the last of five NRDL experimental investi-
gatlons of atieuuavion propervies of several different atmospheies.
The previous investigations were in the San Francisco Bay Area,™ San
Joaguin Valley {ground to air measurements),d and at the Nevada Test
Site.BJk In the first studyl the erphasis was on the ratio between
irradiance recelved from a 4x source by a flat receiver and that re-
ceived by a collimated receiver. Using data obtained for wavelengths
ranging from 0.40 to C.9u the above defined ratio for wavelength 0.55u
was estimated to have a maximum of 1.9 at a distance of 7 miles for
an atmosphere with a 12-mile visibility. The presence of broken to
overcast clouds was found to approximately double this figure. In the
second study2 the ground-to-air measurements were made in hazy atmos-
pheres with approximately 10 miles visibility. From these measurements
the ratio of “"scattered-in" radiation to total radiation (wavelength
0«54 and 45 degree half-angle fleld of view) was found to vary from
0.06 at 4LOOO-ft range to a maximum of 0.165 at 12,000-ft range, then
decreasing to 0.133 at 16,000-ft range. Longer wavelengths gave
smaller ratios. For example, with A = 0.90p the ratios ranged from
0.038 at 4000 ft to 0.046 at 16,000 ft. The next two experiments
were made at the Nevads Test Site - one in clear skies in May 19593
and the second in both clear and cloudy conditions in February 1960.l+
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In these two experiments a polar nephelometer was used to determine
Oco? the coefficient for attenuation by scattering only. Measurements
o? Oy, the total attenuation coefficient for collimated transmission,
Otaus the total attenuation coefficient for aureoled transmission, and
R, the ratio of "scattered-in" to collimated irradiance were also made.
Table 4 has been prepared to provide a very brief comparison of the
data obtained in the various experiments. For applications involving
thermal radiation from a nuclear weapon the attenuation experienced by
aureoled transmission {4 source and flul recelver) ls of greatest
interest. Thus the attenuation coefficient oty is also of special
interest. In the case of the San Frencisco and San Joaquin Valley
data, calculations of ot and Otgy Were not included in the reports but
the difference (0t - Opgy) could be calculated from the reported re-
lationships between "scattered-in" and total radiation at specified
distances. The significance of the term (0t - Oygy,) has been discussed
at some length previously. It may be thought of as representing a
bulld-up coefficient resulting from the "scattering-in" process. Since
O4oy 1s not avallable from part of the NRDL data, the quantity (og - Utau)
has been used oo »:"~te the various NRDL experiments. Typical values
of (of - Opg,) are therercss in-lvded in Table 4o

For wavelength 0.50u (or in some cases 0e525 J. wi... ~moroximates
the effective peak wavelength of the spectral distribuiicn of “iuic. "ttty
of radiation from a nuclear weapon, typical values of (Ut - Utau) may
be established for three general types of atmospheres, namely; very
clear (visibility 20 miles or more), light haze (visibility about 12
miles), and moderate haze (visibility about § miles). Thus the desert
data would indicate a (of - Otay) Vvalue of 0.04 mile~l for the very
clear atmosphere. The San Francisco and San Joaquin Valley data lea
to a8 (0 - Opgy) value of 0.1 mile~l for the light haze condition.

The Los Angeles results give (Ot - Opg,) 85 0.25 mile~l for the moder-
ate haze conditions. The effect of high thin clouds seems negligible.
The effect of lower clouds is to somewhat increase the value (oy - atau)’
The Nevada Test Site data which indicate an increase of about 25%

(for 0.50u wavelength) is believed most reliable in this respect since
the Los Angeles data gave very inconclusive results with respect to
cloud effects, while the San Francisco Bay comparisons which show an
approximate doubling of (oy - Gy, ) by cloud coverage may have been
distorted by other variables such as fog, smoke, and scattered clouds.
If a single value 1s to be chosen for the cloud factor, a compromise
al 140 seews reusonuble for the case of low cloudse.

It was hoped that the Los Angeles tests would provide opportunities
for extensive measurements in smog atmospheres with visibilities as
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low as 1 mile. This did not prove to be the case, however, because
the intense smog of the daytime hours no longer existed by the time 1t
was dark enough to begin the measurements. Estimated visibilities as
low as 3 miles in haze and/or light fog were experienced during the
nlghttime tests and the dashed line of Figure 31 showing the approxi-
mete relatlion between oig, and estimated visibility for wavelength
0.50p has been extended to a 2-mile visibility value. Assuming that
the typical smog particles have the same size range as those of haz.ea7
the dashed line of Figure 31 cua be used to estlmate oy, values for
visibilities in smog as low as 2 miles. In making these estimates,
however, it should be kept in mind that the visibllity values whnich
were used in plotting the points are visual estimates of nighttime
visibility and thus must be considered as only approximations.

CONCLUSIONS

The following objectives of this experiment have been accomplished.
Using seversl wavelengths in the visible and near infrared spectral
reglons, angular scattering diasgrars have been constructed and values
of Ogq, Ois Opgy» and R determined for the entire range of atmospheric
conditions prevailing in Los Angeles, Celifornia, during the nights
of Augusi and September 1960. For the type of nighttime atmospheres
encountered in this period of the year in Los Augeles, numerical values

of 0, can be very approximately estimated from observed visibility,
the lack of reliasbility resulting for the most vart from the difficulty
in establishing nighttime visibility. Relative humidity and contaminant
measurements in downtown Los Angeles were of little help in predicting
nighttime values of digy,, although some correlations were observed be-
tween 04, and relative humidity. For the atmospheres and ranges con-
~axned 1n this study the presence of high thin cloud or of low ragged
clouc. “'own in from the ocean had little measurable effect on R or on
eny of the «il~nuation coefficients, including Otau®

Although the range - nighttime op,,, values to be expected during
a typical August-September pc:-ind has been established, large fluctu-
ations both with respect to time au¢ “irection from source will occur.

Curves showing atmospheric transmittance oeivr»an a by black body

source at 6000°K and a flat receiver facing the source - ~rsus slant
range have been plotted for four typlcal atmospheres.
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TABLE 2

WEATHER CONDITIONS

Weather Type Dates Remarks

No cloud, moderate haze, 8-10  None
visibilities estimated 8-12 None
h to 8 miles 8-15 None

8-16 Light fog with visibilities less than
3 miles at end of test period,

8-17 None

8-18 Visibility decreased from 8 to U4 miles
during test period,

8-19 Light fog observed in the vicinity of
source near end of test period at
vhich time the relative humidity was
above 90% in downtown Los Angeles,

8-23 None
8-30 None
9-6 None
9-13 Visibility rapidly decreasing near
end of test period,
9-17 None
9-18 HNone
9-22 Visibility decreased from 8 to % miles
during test period,
No cloud, light haze, 8-11 Visibility estimated 15 miles,
visibilities 8 %o 8-14 Visibility estimeted 10 miles,
154+ miles 8-31 Visibility estimated 15 miles
9-1 Visibility increased during test
period.

9-4 Visibility greater than 15 miles,
light East winds,

9-5 Visibility estimated 12 miles,

9-10 Visibility estimated 10 miles, Down-
town L,A, relative humldity less than

Slbe

3k




TABLE 2 {continucd)

Weather Type Dates Remarks

9-11 Visibility decreased during test
period,

g9-12 Visibility estimated 8 miles,

Varisble cloud over 8-21  Variable low stratus, visibility
range increesed from 6 to 10 miles during
test period,

8-22 Scattered to broken low stratus during
most of test period, Visibility
estimated 8 miles,

8-26 Broken to overcast low stratus during
last part of test period, Visibility
decreased during test period,

8-27 Low overcast appeared at end of test
period, Visibility decreased from 10
to 3 miles during test period,

9-7 High scattered cloud (16,000 ft).
Visibility estimated 6 miles,

9-8 High scattered cloud (13,000 ft).
Visibility estimated 15 miles,

9-21 Broken tc overcast low stratus,

Visibility estimated 8 miles,
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TABLE 3

RESPONSE FLUCTUATIONS, ARRAY NO, k
GRIFFITH PARK STATION, 20 SEPTEMBER

Normalized Response of Photomulti- Percent Difference from
Flash plier-Filter Combinsation, y amps A-1 Response
No A-1 A-2 c-1 c-2 A-2 c-1 c-2
1 0,880 0,855 0,640 0.796 -3.1 -30.,2 -~10,6
2 0,840 0,806 1,120 0,796 -4,3 435.2 - 5.5
3 0,820 0,822 0,520 0,687 0.3 -37.7 -16.7
I 0,840 0.822 0,720 1,043 -2.3 -15,0  425.5
5 0.811-0 0.822 0.600 look3 ‘2.3 "30.2 "'25.5
6 0.840 0,822 0.920 0,71k -2.3 +10,1 -15,9
¢ 0.840 0,822 0.800 04934 -2,3 - 5,0 41,8
8 OLJ780 0,789 1,200 0,604 6.2 7.9 -17.1
9 0,800 0.789 1,160 0.824 -l.b H#5.3 + 3.0
10 0.760 0.756 0,640 0.659 -0.5 -15.0 -12,7
11 0,760 0.789 0.520 0.796 +3,6 -30.2 .5
12 0.760 0,756 1,160 0,961 -0.5 +50.3  +25.3
13 0,740 0.756 0,800 0,71k +2,0 + 75 - 363
14 0,700 0,740 0,520 0,769 5.0 -22,6 +8,7
15 0.760 0.773 0,600 0.576 +1.6 -20,1 -23,2
Average of Absolute Difference 2,5 275 13.9
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Fig. 2 Observation truck with field-of-view device in oper-
ating position. Round tube beneath field of view
device is part of the triggering circuit.
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RELATIVE RESPONSE OF RECEIVERS
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3 Curves showing product of photomultiplier-filter
combination and flashlamp output versus wavelengthe.
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Fig. 4 Map of atmospheric attenuation test area. Figures
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miles from light source, and elevation in feet.
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Fig. 41 Plots of R versus D for two wavelengths on 30 August 1960.
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See text for discussion of differences bvetween runs 2 and k4.
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Fig. 48 Shadow bands produced by atmospheric striations in
a photograph of Sirius taken with the 200-inch tele-

scope at the Palomar Observatory.
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Fig. 49 Diagram of photomultiplier arrays used in transmission
variability studies. A and C designate photomultiplier-
filter comoinations with maximum responses to lamp at
wavelengtas O.4Ou and G.77u, respectively.
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Fig. 50 Average differences between normalized responses of four
photomultiplier-filter arrays at Griffith Park station 20
September 1960. A and C designate photomultiplier-filter
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0.40u and 0.77u, respectively.
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Fig. 52 Comparisons of calculated irradiances at twdifferent

stations for identical lamp flashes, 13 September 1960,
wavelength 0.50u. See text for description of corrections
made for difference tetween the two station distances from
the source.
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rig. 53 Comparisons of calculated irradiances at two different
stations for identical lamp flashes, 13 September 1960,
wavelength 0.77u. See text for description of corrections
made for difference between the two station distances from
the source.
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Fig. 54 Comparisones of calculated irradiances at two different

stations for identical lamp flashes, 13 September 19060,
wavelength 0.88u. See text for description of corrections
made for difference between the two station distances from
the source.
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Fig. 55 Comparisons of calculated irradiances at two different
stations for identical lamp flashes, 17 September 1960,
wavelength 0.40u. See text for description of corrections
made for difference between the two station distances from
the source.
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the source.
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Fig. 59 Comparisons of calculated irradiances at to different stations

for identical lamp flashes, 18 September 1930, wavelength
0.h0u. See text for description of corrections made for
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60 Comparisons of calculated irradlances at two different
stations for identical lamp flashes, 18 September 1960,
wavelength 0.50p. See text for description of corrections
made for difference between the two station distances from
the source.

63




T T |

so— T

+

80

70—

60

SO

40

RELATIVE IRRADIANCE

C ALLESANDRO J ‘; *
4 FT. #200RE

20

Fig. 61

3 4 13 14 15 16 1t 2 3 a4 13 14 15 16 1 2 3 4 13 14 15 16

RUN 2
FLASH IDENTIFICATION

RUN 1 RUN4

Comparisons of calculated irradiances at two different stations
for identical lamp flashes, 18 September 1960, wavelength
0.77u. See text for description of corrections made for
difference between the two station distances from the source.

IOO——?

90—

800

70—

60

40

RELATIVE IRRADIANCE
o
(=]
I

30—

20

O ALLESANDRO
4 FT. MOORE

10—

3 4 13 14 15 16 1 2 3 4 13 14 15 16 1 2 3 4 13 14 15 16

RUNZ @
FLASH IDENTIFICATION

RUN I RUN 4

Fig. 62 Comparisons of calculated irradiances at two different stations

€

for identical lamp flashes, 18 September 1960, wavelength 0.88u.
See text for description of corrections made for difference
between the two station distances from the source.

84




1.00
l

ATMOSPHERIC TRANSMITTANCE

ot - -

o Cotprn Lol O
100 2 49 6 1000 2 4 6 10,000 2 4 6 30000 =
SLANT RANGE {YARDS)

Fig. 63 Plot of atmospheric transmittance versus slant range for
various sources and atmospheies. Solid curves are for
aureoled transmission of radiation from a black body Ux
radiator at 6OOOOK with atmospheres as follows: 1 and 2,
Nevada desert, visibility 65 and 35 miles, respectively;

3 and 4, Los Angeles, California, during period August-
September for visibilities 12 and 6 miles, respectively. o7
Dashed curves are from Figures 3-5A and 3-5B of TM 23-200 f
as follows: 5 and 6 are for air bursts, visibilities 50 and
10 miles, respectively; 7 and 8 are for surface bursts,
visibilities 50 and 10 miles, respectively.
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UNCLASSIFIED

UNCLASSIFIED




Defense Threat Reduction Agency
45045 Aviation Drive
Dulles, VA 20166-7517

CPWC/TRC May 6, 1999

MEMORANDUM [FOR DEFENSE TECHNICAL INFORMATION CENTER
ATTN: OCQ/MR WILLIAM BUSH

SUBJECT: DOCUMENT REVIEW

The Defense Threat Reduction Agency's Security Office
has reviewed and declassified or assigned a new
distribution statement: . \TTA9 |
B weig el
~ AFSWP-1069, AD-341090, STATEMENT A . ¥
~DASA-1151, AD-227900, STATEMENT A «
—-DASA-1355-1, AD-336443, STATEMENT A:
~ DASA-1298, AD-285252, STATEMENT A .
- DASA-1290, AD-444208, STATEMENT A~
-~ DASA-1271, AD-276892, STATEMENT AV
- DASA-1279, AD-281597, STATEMENT A
-~ DASA-1237, AD-272653, STATEMENT A
- DASA-1246, AD-279670, STATEMENT A
- DASA-1245, AD-419911, STATEMENT A
.. DASA-1242, AD-279671, STATEMENT A
- DASA-1256, AD-280809, STATEMENT A
-~ DASA-1221, AD-243886, STATEMENT A
~ DASA-1390, AD-340311, STATEMENT A~
- DASA-12837-AD-7170697, STATEMENT A ©OK
~-DASA-1285-5, AD-443589, STATEMENT A
~-DASA-1714, AD-473132, STATEMENT A
-~-DASA-2214, AD-854912, STATEMENT A
--DASA-2627, AD-514934, STATEMENT A
~-DASA-2651, AD-514615, STATEMENT A
~ BASA~2536,—AD=81 002 —STATEMENT A
~DASA-2722T-V3, AD-518506, STATEMENT A
- DNA-3042F, AD-525631, STATEMENT A
“DNA-282172-1, AD-522555, STATEMENT A



If you have any questions, please call me at 703-325-

1034.

Anditl %‘a"/\‘/&

ARDITH JARRETT
Chief, Technical Resource Center



